This article analyzes the impact of the increase of an investment horizon on the comparative advantages of the basic asset classes and on the principles of constructing the invest ment strategy. It demonstrates that the traditional approach of portfolio management theory, which states that investments in stocks are preferable over bonds in terms of their long-run risk-return trade-offs, is by no means always consistent with empirical evidence. This article proves the opposite, i.e., that for long-term investors, investments in stocks, arguing in favor of strategies pursued by pension funds and other institutional -structural bonds.
Introduction: The traditional theory of the advantages of long-term investments
The Russian Government's decision to preserve mandatory retirement savings 1 in the portfolios of institutional investors in terms of the risk-return trade-off. Abramov et al. (2014) and Radygin (2015, pp. 275-342) emphasized the need for the rational integration of long-term money investments in the formation of the rules of supervision and regulation of institutional investors. At the same time, the degree of rigidity of constraints on the composition and structure of supervision should be more responsive to the level of return and risk of different
The impact of the increase of the investment horizon on changes in the riska topical issue. The existing research substantiates various assumptions regarding -
The classical papers by G. Markowitz (1952 Markowitz ( , 1995 and W. Sharp (1970) prove for various investors. One of the assumptions -closely associated with the idea --cial assets similarly. According to these theories, adding securities with different mitigate the portfolio risks without prejudice to returns, improve returns without increasing the risks, or produce a combination of both effects.
that 90% of the volatility in the total returns of a pension fund is determined by the asset allocation. Similar results are presented in studies by Sharpe (1992) and Ibbotson and Kaplan (2000) .
These papers introduced a rule in portfolio management practice that states that foremost attention should be paid to asset allocation rather than active management. Using the example of retirement savings portfolios for private Russian pension funds (PPF) and mutual funds, showed that only one-fourth of the PPF's returns and one-third of open-ended and interval mutual funds' returns are determined by active management strategies, with the rest depending on asset allocation.
One of the most thoroughly researched problems is that of the so-called pre--most researchers came to the consensus that stock holding, as a rule, provides a positive premium for investors, as opposed to returns on safe bonds. 2 comparison between stocks and bonds based on risk and return factors over difStocks for the long run: -gies." The research was based on statistics on annual returns for U.S. stocks, Increasing investment periods reduce the variation between average returns on -on the U.S. stock market. Returns on stocks take into account dividends accrued. The graph shows that for 20-year investment horizons, the minimum return on a stock portfolio becomes positive at 1.0%, while the minimum return on bonds and treasury bills remains negative at -3.1% and -3.0%, respectively.
According to Siegel, the standard deviation of average annual returns is negatively correlated to the holding period, provided that returns on assets are consistent with the random walk hypothesis. An analysis of actual series of stock, bond and from 20-year holding periods, the standard deviation (risk) for stocks becomes lower than for bonds and even treasury bills. 
Source:
Siegel's methods of analyzing the risks and returns of stocks and bonds in the U.S. and several other developed markets have also been examined for -strated that increasing the holding periods of securities from one to 30 years leads the standard deviation of stock returns decreases faster than bond returns over -for the period from January 1, 2002 , to October 1, 2009 , they found that a longer investment period reduces the spreads of minimum and maximum monthinterval -which makes stocks preferable to bonds in terms of their risk-return they contain some assumptions that reduce their practical utility for institutional investors in building their portfolios. Moreover, they may lead to an incorrect understanding of the methods for building optimized portfolios. To substantiate his for stock and bond portfolios over different horizons. Over a period spanning -vestment horizons, from 1 to 100 years.
3 An average annual return was calculated for each aggregate stock and bond portfolio with the same horizon. Then, risk was determined as the standard deviation of the series of average returns. In other -lio with a certain horizon but on the indicators calculated based on an aggregate of portfolios with the same investment period that could have been built if the investment period of the investor had been 205 years. This fact makes Siegel's investors in practice. Real investors are more concerned with the problem of risks and returns for one or, at most, several portfolios than, for example, with the average indicators of 200 5-year portfolios built over 205 years.
At the same time, those who actually manage long-term portfolios for pension and mutual funds will be surprised to learn that their real portfolios behave dif ferently: as the horizon increases, the average annual return does actually decrease, whereas the standard deviation of the portfolio is, on the contrary, most likely to increase. For example, according to the 2014 annual report of GPFG (Norway), which is one of the world's largest government pension funds, and 6.14%, respectively, while the standard deviations for the same periods were 3 fund showed a noticeable increase in the standard deviation, but by no means its -ment in stocks compared with bonds, one can note that in many countries, investments in bonds are the greatest in the structure of assets of pension funds. This fully applies to the portfolios of pension savings in pension funds and manageThis paper explores the impact of increased investment horizons on the effectiveness of asset management, based primarily on an analysis of the risks of longterm asset allocation strategies. The classical theory argues that risk is mitigated as the investment period, the higher the probability of various extreme and rare events, lead, for example, to short-term negative returns on assets within a portfolio and to losses. This, in turn, may result in increased volati lity of returns and ultimately reduced returns. The basic assumption examined in the analysis is that risks and returns behave differently rather than converge, as Siegel shows in his works.
In the empirical analysis, an example of the a portfolio was reviewed. To this end, we selected stocks for U.S. ETFs using different investment strategies as well as several stock market indices in a number of countries. This approach produced relevant and sustainable results, taking into account data from one of the most diverse samples of assets possible, along with the opportunities provided by various investment strategies pursued by ETFs and 19 instruments, for which we gathered historical series of their daily returns over 4 15. CAC Index (France); 16. FTSE-100 Index (UK); 17. NKY Index (Japan);
19. RTSI Index (Russia), currency.
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The analysis covered three different investment periods: 1, 5 and 10 years. This enabled us to review changes in the intertemporal characteristics of potential portfolios over short, medium and long periods of time. Table 1 contains the values of the sample mean value of annual returns for all sampled assets and for each time interval. We can see that the average returns on individual instruments demonstrate the predicted theoretical reduction for only a few of the instruments. These include Thus, only approximately half of the sampled instruments showed a noticeable reduction in returns over increasing investment periods. The other indices and funds showed either no such trend or, in some cases, even showed an increase in respectively) demonstrated sharply negative returns in 2013 and 2014, which corpositive returns when the period was expanded to 2004-2014. Thus, we cannot --creased volatility of the Russian market during 2013 and 2014). Table 2 contains the calculated standard deviation of average annual returns over the given periods for all instruments, based on daily data. All instruments show increases in the standard deviation as the horizon grows. A logical explanation is that a longer horizon corresponds to a much larger sample of daily returns in others. As a result, dispersion and standard deviation increase. For example, and 34.71% over 10 years. This sharp increase can be explained by the fact that, high market volatility.
Thus, the data from individual indices show that a longer investment horizon rage annual risk. Over a longer period, returns on various instruments may have values that are extreme within the current historic range or may even break their historic records. This may lead to abnormally low returns for a portfolio with
For a more thorough analysis of the hypothesis that as the investment horizon grows, differences in the risk rates of different asset allocation strategies increase, we This yielded a clearer understanding of the comparable advantages of long-term allocations of various asset classes belonging to dif- Table 2 Sample standard deviations of instruments over various horizons (% annually strategies (based on ETF data) and markets was carried out based on a sample of the 19 instruments listed in Table 1 .
investment horizons. The average annual return on a portfolio with asset allocation (w i1 , w i2 , ..., w i19 ) was determined as the average daily return r i on that portfolio over the entire investment period T, multiplied by 252 (the standard number of trading days in a year). The average annual risk rate of a portfolio with asset allocation (w i1 , w i2 , ..., w i19 ) was calculated as the standard deviation of daily returns on that portfolio over the entire investment period T, multiplied by (a standard transformation for a constant value as a part of a standard deviation).
ing various long-term investment strategies and researching opportunities for diOf the 19 indices above, we obtained a set of portfolios by modeling over 14,000 possible combinations. This set of various asset allocations included the following types of portfolios: average weighted portfolio with the same weight of each asset and portfolios fully (100%) consisting of each individual asset. The remaining combinations describe most fully varied strategies for longterm asset allocation.
returns on the stocks of the 500 largest U.S. issuers listed on the S&P 500 index;
(units) of all 19 index portfolios with the same weighting; and the RTS index portfolio. Fig. 2 displays the frontier for each portfolio set with investment horizons of set consists of a set of portfolios with annual returns between 0.0% and 34.3%.
the 500 largest U.S. companies) -occupy roughly the same line. -sion between minimum and maximum returns and risk values; however, the dis--SPY -are also approximately on the same line here.
As the investment horizon extends to 10 years, the difference between minimum and maximum risk values increases, while the difference between the maxi--cient portfolio set consists of a set of portfolios with annual returns between 0.4% and 15.9%. None of the possible portfolios with 10-year investment horizons has a negative average annual return, which per se demonstrates the advantage of and SPY -are also approximately on the same line here. As the investment ho-
Thus, for the risk-return ratio
, which determines to a great extent the portfolio risk and, to a lesser extent, its return.
The overlapping frontiers of portfolio sets and 1-, 5-and 10-year investment horizons clearly demonstrates that a longer investment horizon narrows the dispersion between portfolio returns while increasing the range of the standard deviation. Table 3 summarizes the data, obtained in an empirical analysis of port folios, on maximum and minimum risk and return values for portfolios with 1-, 5-and 10-year investment horizons. Returns on one-year portfolios vary between -31.6% and +34.3%; the standard deviation varies between 0.5% and 26.9%. As for 5-year portfolios, with the range of average annual returns on portfolios narchanged, being 0.9% to 26.9%. As the investment horizon extends to 10 years, and indices with 1-, 5-, and 10-year investment periods.
Note: the numbers next to the asset names indicate the periods of investment in the portfolios fully (100%) consisting of those assets (1 year, 5 years and 10 years). Source: Table 3 Summary data on returns and risks for portfolios with different investment horizons (% annually). the range of risk values increased to 1.6% to 35.5%, while the difference between the minimum and maximum average annual return of the portfolio set narrowed to 0.4% to 15.9% per year.
different investment strategies up to a 10-year horizon, has shown that portfolio sets contract along the return axis and expand along the risk rate axis. This sugclasses of investment assets. To examine the sustainability of this hypothesis and to identify the comparative advantages of various asset classes, we will analyze longer investment horizons (up to 30 years) and change the sample of assets.
instruments. The comparison is between two asset classes and their respective calculated the rate of return (average annual return) and the risk rate (standard deviation) for each duration of investment period from 1 to 13 years based on daily data from 2002 to 2014. The traditional theory argues for lower stock risks in the long run and a convergence of that asset class with bonds at a higher return. -ment horizons (up to 10 years and longer), whereas bond risks remain stable and do not depend on the investment period. For investment horizons of over 10 years, stock returns actually exceeded bond returns in the Russian market.
age annual standard deviation of daily returns (hereinafter the risk rate), suggests a conclusion that bonds are preferable to stocks even over long-term horizons. 
Source:
To verify the above hypothesis that there is a potential comparative advantage of bonds over stocks over a long-term horizon, similar research was carried out based on longer series of U.S. indices. We used the S&P 500 as the stock index .
(C0A0), which tracks the trends in investment-grade corporate bonds issued in the domestic U.S. market. Securities within it should:
• be of investment grade (based on average Moody's, S&P and Fitch rating);
• have at least 1 year of remaining maturity as of the index re-balancing date;
The index did not include most hybrid corporate bonds. As of 2015, the index included approximately 6500 various bonds from all sectors of the economy, maAll of the above facts allow us to consider the index as representative of this asset class and to include it in the analysis.
Using data from the two indices, we analyzed the trends for the main indicators of stock and bond portfolios against changing investment horizons from 1 to Fig. 4 shows the movements of parameters for their respective U.S. corporate bond and stock portfolios. For corporate bonds with an increasing investment horizon, we observed relative stability in returns as well as risks. At the same -exceed the risk rate over long-term investment periods.
The results are the opposite for stocks. The return rate decreases after a 6-year 
At the same time, the risk rate grows considerably and, after a 7-year period, evens out at a considerably high level compared with the return rate. This means that stocks do not become less risky assets over longer investment horizons. The analysis has demonstrated that this portfolio has a rather low risk-return ratio, i.e., below 1. A comparative analysis of the risk and return trends for stock and bond porton portfolios differed considerably over short-term periods of 1-to 6-year invest--longer periods. Moreover, there are periods where bond returns have exceeded stock returns (14, 15 and 16 years). This suggests that the difference between stock
Of greatest interest is a comparative analysis of portfolios in terms of the risk rate, which was calculated as a yearly standard deviation based on historical daily data for the respective period. We can see that the risk rate for the stock index -bonds in the long run. The risk rate of a corporate bond portfolio remained aland bonds) behave differently over time. Returns on different asset classes become closer, while differences in the risk rate grow rapidly. This suggests that investor in terms of the risk-return trade-off. It has been shown that situations are possible where over long investment horizons (from 15 years onward, as well as 10 years for the Russian market), corporate bonds provide a comparative advantage over stocks in terms of returns and risk rates. This means that this asset class Moreover, we can recommend increasing the share of bonds in portfolios over longer investment horizons.
Long investment horizons were analyzed based on a different sample of To carry out an intertemporal analysis, we used a sample of 10 assets that represented global indices with the longest series of data (Table 4 ). The sample -tions and other joint allocation parameters for those assets over periods of 1 to 30 years.
In a similar manner, based on daily data, we calculated the respective series of risk-return pairs for portfolios held by an investor with constant weighting during t years (t = 1, ..., 30).
For the widest review possible, we compiled various weighted sets for over 10,000 portfolios (10,672 portfolios) . This enabled us to more completely evaluate possible asset combinations in investor portfolios and to evaluate the effectiveness portfolio, where each of the 10 assets has the same weighting. Additionally, the analysis included portfolios fully (100%) consisting of each particular asset to be able to evaluate the limits of a portfolio set and pinpoint the location of full linear combinations of assets in a portfolio -were generated using a random
The large number of portfolios enabled us to present the fullest possible picture of the differences between various asset allocation strategies and to analyze the changes in their comparative advantages over longer investment periods.
The model is presented in Fig. 5 . It displays portfolio sets for various investment horizons in coordinates of the risk rate (standard deviation, in % per year) and rate of return (average annual return, in % per year). Similar results were sents only a sample of the clouds on the graphs for periods of 1, 5, 10, 20, 25 and 30 years. Each graph also highlights the location of the portfolio with the same weight of 10% for each of the instruments reviewed.
As the investment period increases, the portfolio set for the same selection of portfolios contracts vertically. This means that differences between portfoit should be noted that there is no full vertical contraction, even for the longest 30-year period. The dispersion between return rates stops shrinking roughly after --persion between the return-risk parameters, can be explained by transitions of the markets (or some markets out of those reviewed) to the allocation stage. It is characterized by mixed investor sentiment, leading to a reduction in the price --mately 6% annually. In contrast, the differences in the risk rate in the form of standard deviation grow as the investment period increases. The cloud becomes horizontally wider with each 5-year increment. Over the 1-year period, only a few individual portgrows, more dots appear on the cloud's border. That is, their density increases A calculation of the variance between the data series obtained for each investment period duration allowed us to estimate the degree of the dispersion of the variance of the aver age annual return for 5-year investment period portfo- lios is characteristic of the dispersion between the average annual returns for all the presence and extent of differences in returns on portfolios with completely different long-term asset allocations. Similar calculations were made for the risk rate, i.e., the standard deviation for each of the portfolios for each investment period duration. Dispersions of the risk rate were calculated for each t investment period. The calculation results are presented in Fig. 6 .
The return dispersion (parameter of the vertical width of a portfolio set in period and is generally negatively correlated with the investment period. This fact falls as the portfolio investment period increases. Thus, if investors each held one portfolio from the set for one year, their effectiveness would differ drama tically.
1-year investment period portfolios, dispersion reaches 7.5%, while the average (not shown in the graph) is approximately 4.0%. This means that, on average, most dots (returns on different portfolios) fall within the following interval ac-
The dispersion of returns for portfolios with a 30-year investment period is not the least among dispersions for all periods under review, as was expected -tative. The dispersion of returns on portfolios with a 30 year period is approximately 2%, with an average of 7%. Thus, with moderate growth in the mean interval value of all returns obtained for all portfolios under review, we observed a sharp decline in dispersion between these returns around an average -Negative returns are no longer seen, while the return dispersion interval had its low limit shifted upward by more than 6 percentage points compared with the 1-year portfolios. Fig. 6 . Dispersion of the average annual return and risk rate for all portfolios and different investment periods (%).
the results of the graphical analysis. Longer investment periods for the same portfolios lead to a growth in risk rate differences between them. Thus, over short periods, dispersion of the risk rate may play a secondary role in determining the opone should take into account the comparative advantages of various portfolios in terms of the risk rate on par with the other factors.
As shown above, differences in average returns across portfolios decrease as the investment period grows, while differences between the risk rates of portfolios with different asset allocations increase. Asset allocation in this analysis is a sample set of weightings for a long-term period. Fig. 6 shows that dispersions between results in an almost round-shaped cloud of portfolios in the graph's risk-return than the risk rate one. Therefore, over short-and medium-term investment horizons, an investor should be guided mainly by optimizing the desired return critethe risk rate dispersion exceeds the return rate one, suggesting that asset allocation has a greater impact on differences in the risk rate than returns over long-term horizons. Therefore, determine a long-term asset allocation that would pose a lower risk. We can take into account target indicators of returns as a secondary objective, as differences in returns are partly eliminated over long horizons.
bonds, we analyzed the joint hypothesis about the growth in differences between risk rate values for asset allocation strategies with increasing investment periods as well as the hypothesis about the comparative advantage of stocks over bonds in the long run. These hypotheses were tested using the same set of 10 assets listed th asset
The modeling results for over 10,000 different asset allocations for various sample investment horizons (1, 5, 10, 20, 25 and 30 years) are shown in Fig. 7 . index (simulating a U.S. corporate bond portfolio) and the portfolio fully consisting of the S&P 500 Index (simulating a U.S. stock portfolio). We can see that the portfolio set for each investment period has a more oblong shape along the horizontal axis than in Fig. 5 . This can be explained by the inclusion of the bond index in the calculation, which is more to the left, in the zone of the lowest risk, and has -strates the relative safety of investing in this asset compared with investments in Changes in the characteristics of a portfolio fully consisting of the S&P 500 Index over a longer investment horizon can also be seen in Fig. 7 . Over shortterm investment periods (1 and 5 years, Fig. 7a and 7b, respectively), its risk and over investment periods of 10 and 20 years ( Fig. 7c and 7d, respectively) , differences in the average annual returns almost disappear (stocks yield only a little more than corporate bonds), whereas differences in the risk grow considerably.
As the period is extended, extreme values in daily returns increased their range and occurred more often. This had the effect of increasing dispersion and risk rates. Over a long-term period ( Fig. 7e and 7f) , the risk rate declined a little, though it was still three times higher than the bond portfolio risk, while differences in the average annual returns were small.
The shape of the portfolio set is more oblong than in Fig. 5 . In addition, we can see that it changes similarly as the investment period increases. For the 1-year horizon , the cloud is rounder, with greater differences in the average annual returns as well as in the risk rates among all of the reviewed asset allocations. ( , %) and return (r, %) coordinates.
Note: the white circle marks the corporate bond index portfolio; the white triangle marks the S&P 500 Index portfolio.
The portfolio set over a 5-year horizon is more oblong, but to the left and to -tween portfolios within the same risk zone. An even more oblong shape is characteristic of longer investment horizons, while in the left-hand part of the cloud, consisting of port folios with minimum risks and different weightings (>>0) of corporate bonds, differences in the average annual returns decrease sharply as T grows. This results in the almost triangular shape of the cloud on the left. On the right, as the horizon grows, the spokes protruding in the direction of the edges take on more pronounced shapes (the right edges of the cloud represent portfolios fully (100%) consisting of the various global stock indices from Table 4 ). Thus, the locations of portfolios on the right along the horizontal axis are more scarce along the vertical axis (average annual return), while differences between many spokes on the edges with minimal dispersion between the dots around them. evaluation of the protruding parameters of portfolio sets along the axes. For each investment period, we calculated dispersion for all data series.
does not include corporate bonds. The differences in the dispersion series are annual returns prevail over differences in the risk rates. This is shown in Fig. 7 as an almost round-shaped portfolio set that is heavily pinched along the horizontal differences in the risk rates, while return differences between asset allocations decrease as the investment horizon grows. There are periods of growth in return line. Risk rate dispersion, representing a characteristic of the cloud's oblongness -folios leads to a substantial increase in the differences between them in terms of the risk rates, while differences in the return rates decrease. Therefore, as Fig. 8 . The dispersion between the average annual returns and the risk rates for all portfolios and different investment periods, taking into account corporate bonds (%).
the portfolio holding period increases, asset allocation between stocks and bonds takes on the greatest importance. Over long-term horizons, asset allocation has a heavier impact on differences in the risk rate than in the return rate.
weighted portfolio represents an interim value between the stock and corporate 29-and 30-year horizons, the average annual returns of the average weighted -portfolio shows a slight decline in the risk rate over long investment periods; however, it still considerably exceeds the return rate.
Conclusion
of practical conclusions. In contrast with the traditional approaches of port folio management theory, assuming that over long-term investment horizons stock investments are more preferable than bonds in terms of the risk-return ratio, the method used in this article has proven the opposite assumption. As horizons increase, stocks and bonds become closer in terms of returns, while stock risks increase faster than bond risks. This means that for long-term investors, investhorizons and in the case of developed markets with a longer history.
--ment of the risk rate for each incremental unit of return. This suggests that portfolio management should pay the most attention to risk mitigation. When deciding on a long-term investment strategy for a period of more than 20 years, one should con- sider the inherent risks in each potential asset class within a portfolio. For a long investment horizon (10 years or longer), while building an investment strategy, longterm investors should focus more on the asset allocation structure than on selecting particular investment and trading strategies or on particular issues of secu rities repre senting respective asset classes. The asset allocation structure should provide for achieving a desired level of return while taking reasonable risks.
the contraction of returns with substantially larger differences in the risk rates. Therefore, we can recommend that long-term investors (government as well as grows. The share of risky assets should be reduced, as their heavy weighting in a long-term portfolio may actually lead to maintaining the same rate of return with a constant, disproportionate increase in the risk.
In our opinion, these assumptions justify the expedience of focusing retirement savings portfolios and private pension funds reserves mostly on the bonds of various issuers, including infrastructural bonds, which are also more in line with the nature of the obligations of this type of institutional investors. Taking into -demic circles, regulators should improve disclosure practices regarding the risks and returns of retirement savings portfolios and reserves as well as the particular corresponding asset class components within, including long-term historical injustify applied solutions for portfolio investments.
